Background
==========

Inflammatory bowel diseases (IBD) include ulcerative colitis (UC) and Crohn's disease (CD),[@b1-cgast-6-2013-033] two chronic, relapsing, and remitting conditions that have no permanent drug cure and can result in significant long-term morbidity. UC affects only the colon and is primarily confined to the mucosal and to a lesser degree, the submucosal compartments. In contrast, CD can involve any component of the gastrointestinal tract from the oral cavity to the anus and may involve all layers of the gut.[@b2-cgast-6-2013-033] Although the factors that contribute to the development of IBD remain elusive, these associated diseases have long been considered a problem of Western societies, with the Western lifestyle largely contributing to their pathogenesis.[@b1-cgast-6-2013-033]--[@b4-cgast-6-2013-033] The incidence of IBD is now rising in developing countries and is increasingly considered an emerging global disease ([Figs. 1](#f1-cgast-6-2013-033){ref-type="fig"}--[3](#f3-cgast-6-2013-033){ref-type="fig"}).[@b3-cgast-6-2013-033],[@b4-cgast-6-2013-033] Despite limited epidemiological data from developing nations, it is now clear that both the incidence and prevalence of IBD are increasing worldwide.[@b5-cgast-6-2013-033] Younger populations in industrial urbanized societies are more affected.[@b6-cgast-6-2013-033] IBD is also known to be associated with a substantial increase in the risk of colorectal cancer (CRC), especially after 8--10 years of active disease.[@b7-cgast-6-2013-033]--[@b9-cgast-6-2013-033]

UC and CD disorders have distinct pathologic and clinical characteristics, but their etiology and biopathogenesis remains poorly understood. Clinically, CD is distinguished from UC by disease proximal to the colon, perineal disease, fistulas, histologic granulomas, and full-thickness as opposed to largely mucosa-submucosa limited disease. In CD, granulomas are evident in up to 50% of patients and fistulas in 25%. Although IBD susceptibility genes (such as NOD2 gene variants)[@b10-cgast-6-2013-033],[@b11-cgast-6-2013-033] have been identified, advances in defining specific environmental risk factors involved primarily include abundant indirect evidence suggesting that smoking, oral contraceptives, diet, appendectomy, breast feeding, antibiotics, vaccination, infections, and childhood hygiene[@b12-cgast-6-2013-033]--[@b14-cgast-6-2013-033] may be involved. However, to date, none of these factors completely explain the environmental determinants of IBD and most studies report inconsistent observations, making additional studies necessary to better understand the etiology and bio-pathophysiology of IBD. IBD is thought to result from the interaction between a genetically-susceptible host and environmental factors which influence the normal gut flora and trigger an inappropriate mucosal immune system response (antibody-antigen reaction against the normal mucosal resistance).[@b13-cgast-6-2013-033]--[@b17-cgast-6-2013-033] Recent data suggest that children and adolescents show the highest incidence of IBD,[@b6-cgast-6-2013-033],[@b18-cgast-6-2013-033] as approximately 25 to 30 percent of patients with CD and 20 percent of patients with UC present before the age of 20 years.[@b2-cgast-6-2013-033],[@b18-cgast-6-2013-033],[@b19-cgast-6-2013-033]

Patients with IBD have significant social, psychological, and financial repercussions[@b20-cgast-6-2013-033]--[@b22-cgast-6-2013-033] along with an impaired health-related quality of life (HRQoL).[@b23-cgast-6-2013-033],[@b29-cgast-6-2013-033] Since the incidence of IBD is increasing worldwide, there will be an ever-increasing economic impact/burden on the healthcare system and the economy as a whole. Therefore, it is important to start planning for the major needs of patients with IBD in the developing world, particularly with respect to proper diagnosis and care,[@b30-cgast-6-2013-033],[@b31-cgast-6-2013-033] and with consideration of the added impact of the high cost of emerging drug therapies.[@b32-cgast-6-2013-033] Longobardi et al[@b33-cgast-6-2013-033] reported that patients diagnosed with IBD for less than 5 years have more frequent emergency room visits (odds ratio \[OR\] 2.41; 95% confidence interval \[CI\] 1.49--3.88), hospitalizations, and surgical interventions (OR 2.34; 95% CI 1.09--4.19) compared to non-IBD controls. There is also a clear infrastructure gap between urban population centers and rural areas in terms of access to care.[@b34-cgast-6-2013-033] In this review, I summarize the global epidemiology of IBD and discuss the role of the industrial urbanized environment and developing nations as possible factors promoting IBD.

Methods
=======

A systematic literature search for the global epidemiology of IBD was performed using a predetermined protocol and in accordance with the quality of reporting meta-analyses of observational studies (MOOSE).[@b35-cgast-6-2013-033],[@b36-cgast-6-2013-033] Two computer-stored databases, MEDLINE (1950--2010) and EMBASE (Excerpta Medica Database; 1980--2013), were searched for studies investigating the epidemiology of IBD. Inclusion criteria included relevant epidemiological literature available regarding the incidence and prevalence of IBD worldwide, IBD in industrialized and developing nations, immigration and IBD incidence, pediatric IBD, and management challenges of IBD in industrialized and in developing countries. The search was not limited by language in order to ensure capture all relevant papers. Reference lists of relevant articles were also reviewed. An initial screen of identified abstracts and titles was conducted. Abstracts were eliminated in this initial screen if they were not observational and did not investigate the epidemiology of IBD. Studies that did not report original data were also excluded. Abstracts meeting these criteria were eligible for full-text review. Articles were independently considered for inclusion in the review if they reported an incidence and/or prevalence rate of UC and/or CD or if they had adequate information to calculate these rates. UC and CD were required to be reported separately for inclusion in the systematic report. Prevalence studies were identified to highlight the burden of IBD globally, whereas studies reporting incidence assessed the temporal evolution of disease diagnosis as well as patient characteristics at diagnosis, including age and gender. Data incidence rates per 100,000 person-years with 95% confidence intervals for the overall study time period were collected. The prevalence per 100,000 populations with 95% confidence intervals for the overall study period was documented including: (i) time trends, (ii) age groups, and (iii) gender ratios. The incidence of IBD was summarized using incidence rates and defined as the numbers of new cases in a population. An average incidence rate was calculated when incidence rates were reported separately for male and female subjects, for race/ethnicity, or over multiple years. The prevalence was defined as the number of persons with IBD in the population. Incidence rates were adjusted for confounding factors, such as socioeconomic class, age, diet, gender, household size, and genetic factors, to estimate cases in a defined region per 100,000 persons. All studies were organized by geographic region.

Results
=======

To date, there are 3,028 publications from six of the seven continents reporting the incidence or prevalence for IBD worldwide (569 from Asia/Middle East, 102 from Africa, 692 from North America, 60 from South America, 1,507 from Europe, 98 from Australia, and 0 from Antarctica). The results showed that the incidence and prevalence of IBD has been increasing worldwide. Since the 19th century, the incidence of IBD has increased steadily in North America and Europe until stabilizing in the middle and latter part of the 20th century to 2--15 per 100,000 person-years for UC and 3--15 per 100,000 person-years for CD. The annual incidence rates vary by geographic region as depicted in [Table 1](#t1-cgast-6-2013-033){ref-type="table"} and [Figures 1](#f1-cgast-6-2013-033){ref-type="fig"}, [2](#f2-cgast-6-2013-033){ref-type="fig"}, and [3](#f3-cgast-6-2013-033){ref-type="fig"}. [Table 2](#t2-cgast-6-2013-033){ref-type="table"} describes the ranges in incidence and prevalence stratified into quintiles levels for CD and UC. The highest annual incidence of UC is currently 24.3 per 100,000 person-years in Europe, 6.3 per 100,000 person-years in Asia and the Middle East, and 19.2 per 100,000 person-years in North America. The highest annual incidence of CD is reported to be 12.7 per 100,000 person-years in Europe, 5.0 per 100,000 person-years in Asia and the Middle East, and 20.2 per 100,000 person-years in North America. The highest reported prevalence values for IBD were in Europe (UC, 505 per 100,000 persons; CD, 322 per 100,000 persons) and North America (UC, 249 per 100,000 persons; CD, 319 per 100,000 persons). In time-trend analyses, 75% of CD studies and 60% of UC studies showed increased incidence rates over times that were of statistical significance (*P* \< 0.05). Incidence rates stratified by gender were reported in 50 UC and 59 CD studies. The female to male ratio varied from 0.51 to 1.58 for UC studies and 0.34 to 1.65 for CD studies, suggesting that IBD diagnosis was not gender-specific.[@b5-cgast-6-2013-033]

While the incidence of UC increased in Western countries in the 1960s and 1970s, it then plateaued. In contrast, the incidence of UC continued to increase in previously low-incidence areas in Eastern Europe, Asia[@b32-cgast-6-2013-033],[@b37-cgast-6-2013-033]--[@b39-cgast-6-2013-033] and developing countries, such as Africa.[@b40-cgast-6-2013-033]--[@b59-cgast-6-2013-033] Additionally, the incidence of CD is high in Canada and New Zealand, intermediate in Western Europe and the USA, and lower in Israel and South Africa. Although the overall rates are low, they appear to be increasing in some parts of Asia and South America.[@b4-cgast-6-2013-033],[@b32-cgast-6-2013-033],[@b39-cgast-6-2013-033],[@b60-cgast-6-2013-033],[@b61-cgast-6-2013-033] Interestingly the incidence/prevalence rates in China appeared to be stable over the time periods shown ([Fig. 2](#f2-cgast-6-2013-033){ref-type="fig"}). Finally, in the past 20 years, CD has generally matched or overtaken UC in incidence and certainly has overtaken UC in prevalence in developed countries, except for Scandinavia.[@b39-cgast-6-2013-033]

There also is a continuing trend in the increased incidence and prevalence rates of IBD across parts of Asia. There is also an emerging increase in the incidence and prevalence of IBD across Africa.[@b40-cgast-6-2013-033],[@b41-cgast-6-2013-033],[@b43-cgast-6-2013-033],[@b51-cgast-6-2013-033],[@b53-cgast-6-2013-033],[@b54-cgast-6-2013-033],[@b56-cgast-6-2013-033],[@b57-cgast-6-2013-033],[@b59-cgast-6-2013-033] Wright et al studied IBD incidence rates observed in Cape Town's GI Clinic of Groote Schuur Hospital, South Africa (SA), from 1975--1980. In regards to CD and UC incidences, they reported 117 and 220 cases each, respectively, with a mean ± SEM follow-up of 6.1 ± 0.5 and 7.7 ± 0.4 years. Of these patients, 72% and 60% were white, 37% and 37% mixed race and 1% and 3% black, respectively. The incidence for mixed-race and white population groups was 0.4 and 0.9 and 1.3 and 2.4 per 100,000 person-years during 1970--1974 and 1.3 and 1.2 and 1.6 and 2.1 per 100,000 person-years during 1975--1980, respectively. These differences with time in SA were significant (*P* \< 0.05). Despite an increased number of reports stemming from the continent of Africa,[@b40-cgast-6-2013-033]--[@b59-cgast-6-2013-033] there was insufficient data to calculate the incidence rate for the entire African population.

Although this emergence is occurring among developing nations, it is also occurring in Japan, an advanced country from a socioeconomic perspective.[@b4-cgast-6-2013-033],[@b61-cgast-6-2013-033] Although the prevalence of IBD in Japan is still much lower than in Western countries,[@b62-cgast-6-2013-033] the age-standardized prevalence of UC in Japan in 2005 was 63.6 per 100,000 persons, and that of CD was 21.2 per 100,000 persons. IBD patient numbers have been steadily increasing over time. The age distribution also differed between the two diseases, with CD primarily affecting younger people. In both UC and CD, more than 50% of patients were male and over 80% of patients were classified as having mild to moderate disease in terms of severity.[@b63-cgast-6-2013-033]

Because of these observations, it is concerning that the rise in IBD in developing countries may be met with a lack of necessary medical support, particularly in severely ill patients. Ethical discussions regarding the limited availability of treatment in these countries and how this may impact clinical practice accessibility in the foreseeable future are lacking.

Pediatric IBD
-------------

The epidemiologic patterns of pediatric IBD have evolved over the past several decades, with a significant increase in both incidence and prevalence values.[@b64-cgast-6-2013-033] A recent statewide IBD survey from Wisconsin in the United States reported that the state's incidence of IBD was 5 to 11 per 100,000 children with rate of diagnosis as 4.56 per 100,000 for CD and 2.14 per 100,000 for UC.[@b65-cgast-6-2013-033] Canadian studies[@b66-cgast-6-2013-033] indicated that new pediatric IBD diagnoses rose from 9.5 per 100,000 in 1994 to 11.4 per 100,000 in 2005. The most significant accelerations were among younger age groups, with the incidence increasing 5% annually in children younger than 4 years of age and 7.6% annually in children ages 5 to 9 years.[@b66-cgast-6-2013-033]

Similar observations were reported for the US as a whole. In the US, the mean age at diagnosis of pediatric IBD is 12.5 years,[@b65-cgast-6-2013-033] with 20% of children diagnosed before the age of 19 years and fewer than 5% diagnosed before age of 5 years. Males appeared to be overrepresented in new cases of pediatric CD, although an equal number of males and females received a UC diagnosis.[@b67-cgast-6-2013-033] This is in contrast to a French study[@b6-cgast-6-2013-033] which showed that the number of younger females newly diagnosed with CD was higher than that of males. In US children, according to Kappelman et al[@b68-cgast-6-2013-033] the prevalences of CD and UC are 43 and 28 per 100,000 persons, respectively, and in US adults the prevalences of CD and UC are 201 and 238 per 100,000, respectively.[@b68-cgast-6-2013-033] When comparing healthcare utilization between children and adults in the US, Kappelman et al[@b69-cgast-6-2013-033] found that healthcare utilization was disproportionate higher in younger IBD patients.[@b69-cgast-6-2013-033]

Regional variations in IBD incidence provide additional support for hypothesis that environmental factors influence IBD pathogenesis in children.[@b5-cgast-6-2013-033] For instance, there is considerable geographical variation in the incidence of pediatric IBD, with rates ranging from 11.4 per 100,000 person-years in Canada to 0.25 per 100,000 person-years in Spain.[@b66-cgast-6-2013-033],[@b70-cgast-6-2013-033]--[@b72-cgast-6-2013-033] A study conducted in Scotland[@b73-cgast-6-2013-033] reported rates of 7.82 per 100,000 person-years in children younger than 16 years of age. The same study observed an overall 76% increase in pediatric IBD cases between 1990 to 1995 and 2003 to 2008.[@b73-cgast-6-2013-033] Another recent UK report[@b74-cgast-6-2013-033] of adult IBD services revealed that 39% of adult sites actually care for IBD patients ages 16 years and younger.

Studies on pediatric IBD in Scandinavian countries (Sweden and Norway) showed similar results. Hildebrand et al[@b75-cgast-6-2013-033] observed a changing pattern in pediatric IBD in northern Stockholm (1990--2001) and reported a marked increase in the overall occurrence of pediatric IBD, corresponding to an overall incidence of 7.4 per 100,000 person per-years. The incidence of CD was 4.9, UC was 2.2, and indeterminate colitis (IC) was 0.2. From the same investigators,[@b76-cgast-6-2013-033] a later study (2002--2007) showed the standardized incidence to be 9.2 (95% Cl 7.5--11.2) for CD and 2.8 (95% CI 1.9--4.0) for UC. A significant increasing incidence in UC (*P* \< 0.05) was observed. No temporal trend was observed for the incidence of CD. The incidence rate of pediatric IBD in the northern Stockholm was significantly higher in 2002--2007 than that observed in early study conducted from 1990--2001. Another retrospective population based study[@b77-cgast-6-2013-033] as an epidemiological update was conducted in Stockholm on CD during 1990--2001. They reported a mean incidence rate for the period of 8.3 per 100,000 (95% Cl 7.9--8.8) children per-years. There was no difference between genders. The mean annual incidence for the entire study period for colorectal disease and ileocecal disease was 4.4 (95% Cl 4.0--4.7) and 2.4 (95% Cl 2.2--2.6) per 100,000 children per-year, respectively. The prevalence of CD was 213 per 100,000 inhibitants.

A Norwegian study[@b78-cgast-6-2013-033] was conducted on the incidence and clinical presentation of IBD in children (1993--2004) to compare prospective and retrospective data in a selected Norwegian population. The total incidence of pediatric IBD did not change over time, whereas a trend towards an increase in CD and a reduction in UC was observed. The rates of CD for the two periods were, respectively, 1.95 and 3.64, and for UC 3.67 and 2.05 per 100,000 children-year. Total incidence rates of IBD for the two periods were 5.6 and 5.7, respectively, similar to the finding of the IBSEN study of 1990--1994.[@b79-cgast-6-2013-033]

Immigrants from India residing in England
-----------------------------------------

There has been a significant increase in incidence rates and hospitalizations related to IBD in first-generation of immigrants moving from developing countries to industrialized nations.[@b70-cgast-6-2013-033],[@b80-cgast-6-2013-033] In developing nations in which IBD is emerging, UC typically is more common than CD.[@b34-cgast-6-2013-033] In India, for example, the reported UC/CD ratio is 8:1.4.[@b81-cgast-6-2013-033] The overall UC incidence rate for adults in India is 6.02 per 100,000 person-years (95% CI 1.2--17.6) with a crude prevalence rate of 44.3 per 100,000 inhabitants (January to March, 1999). The number of childhood IBD cases in India is largely unknown. At the Pediatric Gastroenterology section of PGIMER, Chandigarh, Mehta et al[@b82-cgast-6-2013-033] reported that 15 of 294 children (5%) admitted for colonic disorders were diagnosed with UC. We found no data as to whether the rates were similar or different for Hindus versus Muslims or Sikhs living in India, although some of these groups present with different UC rates once relocated to England (see below).

An epidemiological analysis was performed which reported UC rates in immigrants from India versus the indigenous population of Leicestershire, UK[@b70-cgast-6-2013-033] over two study periods: 1972--1980 and 1981--1989. Between 1972 and 1980, there were 75 new cases of UC in the indigenous group versus 38 new cases in Indian immigrants among the 280,000 inhabitants of the city. Given their relative numbers, immigrants from India had a significantly higher incidence of UC than those already living in the area (X = 1.96, *P* \< 0.05). The excess was among Hindu immigrants, in particular, in whom the standardized incidence was 13.4 per 100,000 person-years (X = 1.98, *P* \< 0.05). The relative risk for Hindus was 3.9. The standardized incidence in Muslims, however, was similar to that in the rest of the population (Z = 1.4, NS).

From 1981--1989, there were 105 new cases of UC in the general population and 61 in recent immigrants from India. During this period, the standardized incidence in the general population had risen significantly (Z[@b2-cgast-6-2013-033] = 8.5, *P* \< 0.005) to 5.3 per 100,000 person-years, while in those that had recently moved from India, the standardized incidence was stable (X[@b2-cgast-6-2013-033] = 0.6) at 10.8 per 100,000 person-years. However, the incidence of UC in Indian immigrants was significantly higher than that of the general population (Z = 2.15, *P* \< 0.05). Additionally, during this period, both Hindus and Sikhs had significantly more UC than the general population (Z = 2.0, *P* \< 0.05 and Z = 3.9, *P* \< 0.001, respectively).[@b70-cgast-6-2013-033] The relative risk to those who had emigrated from India was 2.45, while these values for Hindus and Sikhs were 1.9 and 2.9, respectively. The standardized incidence in Muslims was similar to that in the general population in Leicester.[@b70-cgast-6-2013-033]

Data from the city of Leicester were also compared with those from the rest of England. During the 1970s, there were 282 new cases of UC in England and 46 in migrants from India. Indians had a significantly greater standardized incidence than the general population in the rest of England (Z = 3.7, *P* \< 0.001). The standardized incidence of UC in Britain remained unchanged in the 1980s at 4.38 cases per 100,000 person-years. The standardized incidence in immigrant Indians, however, fell marginally to 9.95 cases per 100,000 per year, but this group remained at a significantly greater risk of UC than Europeans (Z = 3.5, *P* \< 0.001). The fall in standardized incidence in Indians was not statistically significant (X[@b2-cgast-6-2013-033] = 0.45). There was no difference in the incidence of UC in those individuals originally coming from India but who came directly from India of via Eastern Africa (Z = 1.4, NS).[@b70-cgast-6-2013-033]

Pediatric IBD in children who came before adolescence or born in Britain to parents who emigrated from India
------------------------------------------------------------------------------------------------------------

The same study described above from Leicestershire County[@b70-cgast-6-2013-033] evaluated the incidence of UC in children born in Britain following the immigration of their parents from India compared to the incidence in children in the general population. The incidence fell in children in the general population (ages 11--15 years), from 3.3 cases per 100,000 per year (95% CI 1.8--5.4 per 100,000 per year) in the 1970s (when there were 15 cases), to 1.5 cases per 100,000 per year (95% CI 0.4--2.9 per 100,000 per year) in the 1980s (when there were seven cases). This change was not significant (X[@b2-cgast-6-2013-033] = 2.9). The incidence in children of the same age born in England of immigrant parents also fell from 4.7 cases per 100,000 per year (95% CI 0--10.2 per 100,000 per year) to 3.0 cases per 100,000 per year (X[@b2-cgast-6-2013-033] = 0.2).[@b70-cgast-6-2013-033] Further, the incidence of UC in the general population of children in the County (aged 0--10 years) was 0.3 cases per 100,000 person-years (95% CI 0--0.6 per 100,000 per year). There were five cases in children whose parents had emigrated from India for whom the incidence was 1.0 case per 100,000 person-years (95% CI 0--5.5 per 100,000 per year) or roughly 3 times higher than that observed in the general population.

Because there is no recently published data available, the risk of IBD in certain immigrants, and in particular, their children, was even greater than that in the remainder of the population of Leicester.[@b70-cgast-6-2013-033] This geographical and immigrant data suggest that factors attributable to a Western lifestyle or environment (diet, environmental exposures, and/or intestinal microbiota) predispose these individuals to IBD[@b70-cgast-6-2013-033] in Westernized countries compared with those in their country of origin.

Utilization of healthcare resources by patients with IBD
--------------------------------------------------------

Different drug categories are used for the management of IBD like aminosalicylates,[@b83-cgast-6-2013-033] corticosteroids,[@b84-cgast-6-2013-033] anti-tumor necrosis alpha (anti TNF-α) drugs,[@b85-cgast-6-2013-033],[@b86-cgast-6-2013-033] antibiotics,[@b87-cgast-6-2013-033],[@b88-cgast-6-2013-033] probiotics,[@b89-cgast-6-2013-033]--[@b91-cgast-6-2013-033] and immunosuppressants.[@b92-cgast-6-2013-033],[@b93-cgast-6-2013-033] Because of a lack of desirable efficacy and poor tolerability of these drugs, surgical intervention may be indicated.[@b94-cgast-6-2013-033],[@b95-cgast-6-2013-033] The healthcare utilization associated with IBD is different between nations and appears related to sociodemographic factors.[@b69-cgast-6-2013-033],[@b96-cgast-6-2013-033]--[@b100-cgast-6-2013-033] In the US, healthcare costs are higher than in any other country.[@b97-cgast-6-2013-033] One systematic review[@b101-cgast-6-2013-033] showed that the cost of CD in particular is more expensive in the US than in other Western nations such the UK and France. For patients with CD living in the US, direct medical costs were estimated to be US \$18,022--18,932 per patient per year (data from 2008) compared to approximately US \$4,000--10,000 in Europe (converted Euros to US dollars).[@b101-cgast-6-2013-033] A second analysis from MarketScan[@b102-cgast-6-2013-033] (1999--2005) was used to measure the cost burden of CD and UC. Commercially insured CD and UC patients in the US had annual medical expenditures of US \$18,963 and US \$15,020, respectively, which is significantly more than the \$5,000 estimated for patients in the matched comparison group of similar patients living outside the US (specifically compared to the UK). In a third analysis (2003--2004) of insurance claim data, direct costs were measured in children and adults by analyzing 87 different health plans in 33 US states.[@b103-cgast-6-2013-033] The estimated mean annual cost was US \$8,265 for CD and US \$5,066 for UC. The discrepancy between this observation and the previous two studies is perhaps due to the reporting of actual reimbursements rather than charges to the insurer. Further observations also revealed that costs for patients under 20 years of age were disproportionately higher per year than those for adults over 20 years of age.[@b69-cgast-6-2013-033] This suggests that a focus on a more effective management of IBD in pediatric patients could yield significant cost-saving and of course health benefits. More than one-third of the total IBD-related costs were attributed to inpatient care of disease, suggesting that reducing hospitalization through optimal maintenance of remission would decrease the overall cost-burden.

Indeed a multinational European and Israel study[@b104-cgast-6-2013-033] showed that majority of IBD-related healthcare expenditures were for inpatient medical and surgical management. A Canadian study[@b105-cgast-6-2013-033] showed that general medical inpatient costs for CD and UC were identical, but surgical costs were more for those patients with UC than those with CD. A larger proportion of total charges for IBD were therefore attributable to surgical care.[@b26-cgast-6-2013-033] These two studies, however, which were reported over two decades ago, did not take into account the impact of biologics such as infliximab, adalimumab, certolizumab pegol and natalizumab on the current medical options for IBD.

In the UK,[@b98-cgast-6-2013-033]--[@b100-cgast-6-2013-033] it was consistently found that hospital inpatient costs were incurred by a minority of patients but they accounted for approximately half of the total cost burden of IBD, while drug costs contributed to less than a quarter of the total healthcare costs. Indirect IBD cost burdens falling on society exceeded medical expenditures.[@b100-cgast-6-2013-033] Conservative estimates for caring for the estimated 240,000 IBD patients in the UK cost the National Health Service in excess of GBP £1 billion (equivalent to US \$1.6 billion) per year, with these calculations made largely in a pre-biological era and when incidence and prevalence rates were lower.[@b5-cgast-6-2013-033],[@b100-cgast-6-2013-033]

A search for cost-effectiveness studies from developing nations did not identify any relevant papers that examined surveillance for management costs in those with IBD. However, during the search, 671 studies did report IBD incidence and prevalence data from Asia/Middle and Africa.[@b46-cgast-6-2013-033]--[@b48-cgast-6-2013-033],[@b51-cgast-6-2013-033],[@b52-cgast-6-2013-033],[@b54-cgast-6-2013-033]--[@b57-cgast-6-2013-033]

Discussion
==========

Since the 1950s, epidemiologic studies have been undertaken in an attempt to identify risk factors for IBD genesis.[@b106-cgast-6-2013-033] Ethnic groups identified to have a greater risk included people of Jewish background.[@b107-cgast-6-2013-033] Ashkenazi Jews were found to have a 5--8-fold increased risk of CD and UC compared to non-Jews.[@b108-cgast-6-2013-033] Despite the fact that CD and UC share several clinical features, they have different causes, mechanisms of tissue damage, and treatment options. Therefore, an accurate diagnosis of IBD phenotype is of paramount importance for providing evidence-based, personalized medical care. The distinction between CC and UC is made based on a review of clinical, radiologic, endoscopic, and pathologic data, but the two IBD cannot be differentiated in up to 15--30% of IBD patients. Therefore, correct management of IBD depends upon an accurate diagnosis.[@b30-cgast-6-2013-033],[@b31-cgast-6-2013-033]

Further, the incidence and prevalence numbers for IBD are increasing worldwide. The rapidly increasing incidence of IBD in North America and Western Europe since the 1950s is higher than can be explained by genetic factors alone. The incidence of IBD has substantially increased over the latter part of the 20th century and continues to rise in developing countries revealing its emergence as a global disease.[@b12-cgast-6-2013-033],[@b13-cgast-6-2013-033],[@b109-cgast-6-2013-033] Until recently, IBD was considered a disease seen primarily in Caucasians and, in particular, those of Jewish origins.[@b4-cgast-6-2013-033],[@b5-cgast-6-2013-033],[@b110-cgast-6-2013-033] Genetics is thought to play a role, as evidenced by the greater prevalence of CD in Ashkenazi than Sephardic Jewish populations.[@b110-cgast-6-2013-033] Now, it is a global disease and its incidence in developing nations is rising.[@b42-cgast-6-2013-033],[@b111-cgast-6-2013-033]--[@b113-cgast-6-2013-033] Despite inadequate epidemiological data from developing parts of the world, the prevalence and incidence among blacks, Asians, and Hispanics has been reported with increasing frequencies[@b40-cgast-6-2013-033]--[@b42-cgast-6-2013-033],[@b111-cgast-6-2013-033],[@b114-cgast-6-2013-033] suggesting that the trend is indeed increasing worldwide.[@b42-cgast-6-2013-033],[@b52-cgast-6-2013-033],[@b112-cgast-6-2013-033]--[@b116-cgast-6-2013-033] Traditionally, developing nations have reported a lower prevalence of IBD, but the incidence is currently rising in many of these countries as they become more industrialized.[@b114-cgast-6-2013-033],[@b115-cgast-6-2013-033]

Of significant concern is the escalation in incidence rates in children and adolescents.[@b66-cgast-6-2013-033],[@b75-cgast-6-2013-033]--[@b78-cgast-6-2013-033],[@b117-cgast-6-2013-033]--[@b123-cgast-6-2013-033] Notably, a significant fraction of these youth are among first-generation of non-white and non-Jewish individuals immigrating from developing countries to industrialized nations.[@b3-cgast-6-2013-033],[@b66-cgast-6-2013-033],[@b75-cgast-6-2013-033],[@b78-cgast-6-2013-033],[@b111-cgast-6-2013-033],[@b120-cgast-6-2013-033]--[@b123-cgast-6-2013-033] These are school age populations 4--20 years old ([Figs. 4](#f4-cgast-6-2013-033){ref-type="fig"} and [5](#f5-cgast-6-2013-033){ref-type="fig"}).[@b6-cgast-6-2013-033] These observations suggest that in these populations there is a strong environmental component that may not be linked to genetic factors alone.[@b19-cgast-6-2013-033],[@b59-cgast-6-2013-033],[@b61-cgast-6-2013-033],[@b75-cgast-6-2013-033],[@b78-cgast-6-2013-033],[@b120-cgast-6-2013-033],[@b121-cgast-6-2013-033],[@b123-cgast-6-2013-033] Only approximately 10% of patients with IBD report a family history of IBD.[@b124-cgast-6-2013-033] It is therefore evident that there is a partial complex relationship between genetic susceptibility and environment and that this heritability is likely to be polygenic in nature in most patients with IBD. The association of IBD with industrial and urbanized regions as compared to rural regions is evident.[@b125-cgast-6-2013-033]--[@b128-cgast-6-2013-033] The increase in IBD incidence in this young population may be based on the lack of predisposition to environmental factors that can establish a defensive immunity. Thus, once exposed to new and different environmental factors, these individuals could develop autoimmune morbidity, such as IBD. The industrialization and urbanization of societies are associated with changes in sanitation, occupations, microbiota, diet, lifestyle behaviors, medications, and pollution exposures, which have all been implicated as potential environmental risk factors for IBD.[@b12-cgast-6-2013-033] In developing nations, IBD was largely unknown; however, as these nations are transitioning to more industrial and urbanized societies, the incidence of IBD has begun to increase.[@b42-cgast-6-2013-033],[@b114-cgast-6-2013-033],[@b115-cgast-6-2013-033]

The increasing evidence that IBD is affecting a younger population ([Figs. 4](#f4-cgast-6-2013-033){ref-type="fig"} and [5](#f5-cgast-6-2013-033){ref-type="fig"}) presents additional concerns. Although the global incidence rates stratified by gender appear to be similar[@b5-cgast-6-2013-033] (suggesting that the diagnosis of IBD is not gender-specific), Chouraki et al[@b6-cgast-6-2013-033] found that younger females were more affected by CD than males in France ([Fig. 4](#f4-cgast-6-2013-033){ref-type="fig"}). In contrast, while the incidence rates for UC are similar for male/female youths in France ([Fig. 5](#f5-cgast-6-2013-033){ref-type="fig"}), males had an increased UC incidence rate for adults 40--75 years compared to females. Meta-analyses conducted in patients acquiring IBD at a young age show an increased risk of developing colorectal cancer (CRC), as the cumulative incidence rate in CRC in IBD patients diagnosed in childhood is higher than in adults.[@b129-cgast-6-2013-033],[@b130-cgast-6-2013-033] There are strong data suggesting that CRC in IBD patients is related to the duration of disease. For instance, it is generally accepted that the risk of CRC in IBD patients becomes appreciable after 10 years of disease.[@b131-cgast-6-2013-033] In addition, IBD patients who have had prophylactic surgery (proctocolectomy) do not always eliminate their cancer transformation risk, as malignancies have been reported postoperatively in these patients.[@b131-cgast-6-2013-033]--[@b135-cgast-6-2013-033]

Additionally, developing countries cover two-thirds of the earth's surface, with a population of 3--5 billion inhabitants, constituting three-quarters of all humans. Therefore the need for a cost-effective biological therapy for IBD will increase dramatically, and the pharmaceutical industry, healthcare providers, patient advocate groups, governments, and non-governmental organizations should consider how to manage this. This dialogue should begin now with regard to: (1) the major needs of patients with complicated IBD in developing countries; (2) the potential need for a biological therapy for developing countries to treat IBD; (3) the necessary infrastructure for selecting patients with IBD who require biological therapy; and (4) the medical/ethical issues limiting the use of biological therapy.

While the West continues to improve ambulatory care delivery[@b136-cgast-6-2013-033]--[@b138-cgast-6-2013-033] to meet high-quality, safety, efficacy, coordination of care, and evidenced-based care in IBD patients,[@b139-cgast-6-2013-033]--[@b141-cgast-6-2013-033] developing nations have health service constraints to meet the required standard of care,[@b34-cgast-6-2013-033] and doctors and personnel are not trained for treating these diseases. Further, for cost-effectiveness considerations and recommendations by the World Health Organization (WHO) and the World Gastroenterology Organization,[@b142-cgast-6-2013-033] developing countries will be hit the hardest. In 1998, the WHO published threshold values for intervention cost-effectiveness by region.[@b142-cgast-6-2013-033] Medical intervention is regarded as being 'very cost-effective' if it costs \<1 gross domestic product (GDP)/capita; it is 'cost-effective' in a range of 1--3 GDP/capita, and not cost-effective if it exceeds 3 GDP/capita. In US dollars, between 1998--2000, the GDP/capita was US \$39,950 in North America, US \$30,493 in Europe, US \$10,208 in the Eastern Mediterranean region, US \$4,608 in South America, US \$4,959 in South East Asia, and US \$1,695 in Africa.[@b142-cgast-6-2013-033],[@b143-cgast-6-2013-033] Subsequently, the WHO launched a 'CHOICE' project with the objective of 'providing policy makers with the evidence for deciding on the interventions and programmes which maximize health for the available resources'.[@b142-cgast-6-2013-033] WHO-CHOICE reported the costs and effects of a wide range of health interventions in the 14 epidemiological sub-regions. The results of these cost-effectiveness analyses were collected in regional databases, by which policy makers could adapt to their specific country setting. It is very important to carefully adjust those cost-effectiveness models to country-specific conditions. For instance, they must be modified to reflect the increased risk of infectious complications in specific regions. Given these risks, it is possible that overall quality-adjusted life years may not be higher for users of biological agents. Treatments regarded to be cost-effective in North America and Europe may not be cost-effective in developing countries, which must be taken into consideration when making local resource consumption decisions. Anti-TNF therapy has been determined to be effective, but the jury is still out as to whether it is cost-effective in the West.[@b144-cgast-6-2013-033]--[@b146-cgast-6-2013-033]

The intentions of IBD treatment are to eliminate symptoms, prevent flare-ups (maintain long-term remission), and restore patients' HRQoL. For most people, medications control symptoms and promote HRQoL and healing. Surgery is usually required only if medications fail to improve symptoms or if precancerous transformations in the colon or other serious complications occur. In such cases, surgery can be performed on an emergency or elective basis.[@b147-cgast-6-2013-033],[@b148-cgast-6-2013-033]

In conclusion, the observations of rates increase of IBD worldwide, particularly in younger populations coupled with the longevity of colitides disease is likely to be associated with increased CRC rates in these patients. Predictably, over the next few decades, the world will face a significant increase in IBD morbidity with associated neoplastic transformation, social, psychological, and financial repercussions and impaired patient HRQoL. As a result, IBD will most likely be a front-line morbidity, seen first in pediatric gastroenterology.[@b147-cgast-6-2013-033],[@b148-cgast-6-2013-033] Access to medical care and utilization of medical services is critically important when discussing IBD as some ethnicities are unevenly represented across socioeconomic strata.

Summary
=======

IBD represents a group of idiopathic chronic relapsing and remitting diseases of unknown etiology. The two disease categories include CD and UC with both overlapping and distinct clinical and pathological features, making differentiation often difficult to diagnose. The global incidence of IBD differs geographically. Although the incidence has been increasing in Western nations since the Second World War, rates are beginning to level off in these countries. However, IBD has been increasing in previously low-incidence areas in Eastern Europe, Asia, and other developing areas. The prevalence appears to be higher in urban areas than in rural areas, as well as in higher socio-economic classes. Individuals who immigrate to industrial urbanized developed nations before adolescence and those immigrants who initially belonged to a low-incidence population show a significant higher incidence of IBD. This is particularly true for the first-generation of families born in an industrialized country with an already high incidence. Thus, IBD has become a global disease. Caring for patients with IBD can be challenging due to the heterogeneous nature of the disease and the lack of consensus in many areas of practice. Variation in practice is therefore unavoidable and does not necessarily imply deficiencies in quality. The healthcare systems, both at the level of primary care and referral in most developing countries, face significant challenges as they often lack regular clinical supervision and laboratory assessments needed for monitoring patients and will increasingly have difficulty affording expensive treatment (medical and surgical) to meet the medical needs of these patients.
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![Worldwide CD incidence rates and/or prevalence for countries reporting data: (**A**) before 1960, (**B**) from 1960 to 1979, and (**C**) after 1980. Incidence and prevalence values were ranked into quintiles representing low (dark and light blue) to intermediate (green) to high (yellow and red) occurrence of disease. Reproduced with permission from the publisher: Molodecky et al. *Gastroenterology*. 2012;142:46--54, e42.[@b5-cgast-6-2013-033]](cgast-6-2013-033f2){#f2-cgast-6-2013-033}

![Worldwide UC incidence rates and/or prevalence for countries reporting data: (**A**) before 1960, (**B**) from 1960 to 1979, and (**C**) after 1980. Incidence and prevalence values were ranked into quintiles representing low (dark and light blue) to intermediate (green) to high (yellow and red) occurrence of disease. Reproduced with permission from the publisher: Molodecky et al. *Gastroenterology*. 2012;142:46--54, e42.[@b5-cgast-6-2013-033]](cgast-6-2013-033f3){#f3-cgast-6-2013-033}

![Incidence rate of CD by gender and age in Northern France from 1988 to 2007. Reproduced with permission from the publisher: Chouraki et al, *Aliment Pharmacol Ther*. 2011;33:1133--1142.[@b6-cgast-6-2013-033] Study shows a higher newly diagnosed young population between the ages of 4--20 years (shown by arrow on abscissa). Young female is higher than male. The increase in CD in this school-age population can be speculated to be based on the lack of predisposition to environmental factors that can establish a defensive immunity.](cgast-6-2013-033f4){#f4-cgast-6-2013-033}

![Incidence rate of UC by gender and age in Northern France from 1988--2007. Reproduced with permission from the publisher: Chouraki et al, *Aliment Pharmacol Ther*. 2011;33:1133--1142.[@b6-cgast-6-2013-033] This figure represents several observations from current epidemiological studies. Young females are at higher rate than males. The age with highest incidence is 4--20 years of age (shown by arrow on abscissa). The increase in UC in this school-age population can be speculated to be based on the lack of predisposition to environmental factors.](cgast-6-2013-033f5){#f5-cgast-6-2013-033}

###### 

Incidence and prevalence of UC and CD in Europe, Asia and Middle East and North America for the study period, 1930 to 2008.

  Regions              Incidence           Prevalence          Study period, range                        
  -------------------- ------------------- ------------------- --------------------- -------------------- ------------
  Europe               0.6--24.3/100,000   0.3--12.7/100,000   4.9--505/100,000      0.6--322/100,000     1930--2008
  Asia & Meddle East   0.1--6.3/100,000    0.04--5.0/100,000   4.9--168.3/100,000    0.88--67.9/100,000   1950--2008
  North America        0--19.2/100,000     0--20.2/100,000     37.5--248.6/100,000   16.7--318.5/100,00   1930--2004

###### 

Incidence and prevalence ranges stratified into quintiles for CD and UC.

  Quintile rank (percentile)   Crohn's disease   Ulcerative colitis                
  ---------------------------- ----------------- -------------------- ------------ --------------
  0 to 19th (dark blue)        0.0--0.80         0.6--6.75            0.0--1.85    2.42--21.0
  20th to 39th (light blue)    0.81--1.94        6.76--25.0           1.86--3.09   21.1--44.3
  40th to 59th (green)         1.95--3--76       25.1--48.0           3.10--4.97   44.4--100.9
  60th to 80th (yellow)        3.77--6.38        48.1--135.6          4.98--7.71   101.0--198.0
  80th to 100th (red)          6.39--29.3        135.7--318.5         7.72--19.2   198.1--298.5

**Note:** Ranges (as denoted by color) correspond to ranking of incidence and or prevalence in [Figures 2](#f2-cgast-6-2013-033){ref-type="fig"} and [3](#f3-cgast-6-2013-033){ref-type="fig"}. Quintile ranges were developed from 260 published studies on incidence and/or prevalence of IBD. Reproduced with permission from the publisher: Molodecky et al. *Gastroenterology*. 2012;142:46--54, e42.[@b5-cgast-6-2013-033]
